Predation by sea stars has the potential to cause elevated levels of mortality in reestablished populations of bivalves relative to levels of recruitment. Recent efforts to restore beds of the nearly extirpated green-lipped mussel within the Hauraki Gulf, New Zealand, resulted in high abundances of sea stars occupying those beds and it is unknown whether predation poses a potential limitation to the success of restoration in this bivalve species. The contribution of predation by sea stars to the mortality of mussels across four experimental mussel beds over a 2-year period was estimated using data from regular assessments of sea star abundance and an experimentally determined consumption rate of sea stars upon mussels. In addition, the potential size selection of mussels by sea stars was assessed to determine if large sea stars selected for recent settlers. Sea stars' abundance within the mussel beds grew to an average of 0.57 sea stars/m 2 within 9 months, remaining at similar levels throughout the study. These predominantly large sea stars were estimated to have consumed 30.1% of the mussels over a 25-month period, representing a contribution of 40.4% of the mussel mortality. Sea stars predominantly selected for larger mussels, and their predation likely contributes little to any lack in mussel recruitment. Sea star predation is clearly a limiting factor on the survival of transplanted adult mussels and the present study highlights the need to continually assess predation risk to determine if remediation is necessary for the persistence of the restored beds.
Introduction
The habitats created by bioengineering species such as mussels and oysters are an important component of many coastal environments around the world. They provide a number of ecosystem services and functions, including the exchange of nutrients between the water column and the benthic environment as well as the support of abundant and diverse communities of organisms (Hall-Spencer & Moore 2000; Meyer & Townsend 2000; Coen et al. 2007; Commito et al. 2008; Trigg et al. 2011; McLeod et al. 2014) . Despite their importance, much of this habitat has been degraded or lost, due to anthropogenic disturbances (de Jonge et al. 1993; Rothschild et al. 1994; Service & Magorrian 1997; Cranfield et al. 1999) . Increasing knowledge of these lost benefits has recently spurred initiatives to restore bivalve beds which aim to establish persistent populations. Assessments of population dynamics are necessary to determine the success of such efforts and to identify particular stressors to recruitment and survival that may inhibit the persistence of restored beds. Unfortunately, frequent and robust assessments of recruitment and mortality of restored populations have received relatively little attention (Mann & Powell 2007) .
Predation by sea stars is one such stressor that has the potential to impose a significant limitation to the success of bivalve restoration efforts. Predatory sea stars play a major role in structuring intertidal and subtidal benthic communities, especially those dominated by sedentary bivalves, such as mussels (Paine 1966; Paine 1974; Menge et al. 1994 ). This predation often limits the abundance of these natural populations and influences their distribution (Dayton 1971; Paine 1971; Paine 1974; Navarrete & Menge 1996; Robles et al. 2009 ). Although many species of sea stars coexist with mussels (Paine et al. 1985) , sea star predation can also cause dramatic decreases within mussel populations. For example, the sea star Asterias rubens forms huge aggregations on beds of the blue mussel, Mytilus edulis (Sloan & Aldridge 1981) , able to consume up to 50 ha of mussel bed in 3 months, a quantity equivalent to 3,500 t of juvenile mussels (20 mm shell length [SL] ) (Dare 1982) . These sea stars can consume entire beds of reestablishing mussels, as was observed for a bed of 100 t worth of relayed M. edulis (Kristensen & Lassen 1997) . Given this potentially enormous source of mortality, understanding the impacts and magnitude of sea star predation on restored bivalve beds is critical to determining whether that predation imposes a limitation to bivalve survival and to the development of best-practice methods to overcome that limitation.
Recent initiatives to restore depleted populations of green-lipped mussels, Perna canaliculus, on the soft-sediment seabed of the Hauraki Gulf, New Zealand (Greenway 1969; Reid 1969; McLeod 2009 ) quickly resulted in a high abundance of the sea star, Coscinasterias muricata, on restored mussel beds . Coscinasterias muricata is commonly found throughout the Hauraki Gulf and high densities of these sea stars appear to be associated with concentrations of live adult mussels, aggregating within natural beds and beneath mussel aquaculture site (Inglis & Gust 2003; Paul-Burke 2015) . However, there is limited information on the feeding ecology of C. muricata on P. canaliculus with which to begin to determine their potential impact via predation upon the transplanted adult mussels. Previous studies have also suggested that restored mussel beds in the Hauraki Gulf system are likely to be recruitment limited as evidenced by a near lack of observed mussels on settlement collectors over an 18-month period (McLeod 2009 ) and the near lack of settling mussels recruiting to restored green-lipped mussel beds . It is therefore critical to determine whether predation by sea stars will preferentially target the potentially small number of recruiting mussels. The current study therefore aims to (1) describe the patterns of sea star abundance across experimental beds of adult mussels restored into the Hauraki Gulf, (2) quantitatively estimate the relative contribution of sea star predation on mussel mortality for these experimental beds, and (3) determine sea star preferences for juvenile, post-settlement, and/or restored adult mussels.
Methods

Site Description
Two field sites were selected for this study. The main study site was located in Cable Bay, a sheltered embayment on the northern side of Rotoroa Island in the Hauraki Gulf, New Zealand (S 36 ∘ 48 ′ 32, E 175 ∘ 11 ′ 37 ′′ ) (Fig. 1) . This site historically contained subtidal mussel beds (Greenway 1969; Reid 1969) and was corroborated by the abundance of large mussel shells within the sediment (greater than 10 cm depth). As part of a larger restoration study, seven experimental green-lipped mussel beds were deployed in November 2013 within this field site . Each mussel bed consisted of approximately 1 t of mussels (70-100 mm SL) placed on the seabed in shallow water between 3.9 and 5.1 m below chart datum. The seafloor sediment within the deployment area initially consisted of a 5-cm surface layer of fine mud which eroded away during the study, leaving the underlying firmer mud, sand, and shell hash as the predominant sediment. Mussel beds ranged in size from 24.4 to 45.2 m 2 and were separated by 9-35 m. Benthic seawater temperatures as recorded by a HOBO temperature data logger (Onset Computer Corporation, Bourne, MA, U.S.A.) within the site, ranged seasonally from 12.3 to 24.1 ∘ C. Water visibility ranged from 1.5 to 3 m. Preliminary surveys showed no signs of live mussels on the soft sediments within the study site prior to the establishment of the restored mussel beds. The rocky foreshore was dominated by oysters, with no existing mussel beds present. Large Coscinasterias muricata sea stars were observed in low abundances on the soft sediments of the deployment site during preliminary qualitative surveys. The second study site was located in Leigh Harbour, New Zealand (S 36 ∘ 17 ′ 14 ′′ , E 174 ∘ 48 ′ 37 ′′ ), a shallow water, sheltered embayment. This site was used to conduct a smaller-scale experiment assessing sea star consumption rates on mussels, which was logistically unfeasible to conduct in-situ at the main study site. This experiment was deployed at a depth of 3.2 m below chart datum, on an area of sea floor composed of sand substrate.
Experimental Design and Sampling
Restored Mussel Bed Sampling. Only four (experimental) of the seven mussel beds deployed at the main study site were sampled due to logistic constraints. Sampling began 2 months after deployment and was conducted five times over 25 months with an interval of approximately 6 months between the sampling dates (between the austral summers of 2014-2016). Determining the relative contribution of sea star predation on mussel mortality within these beds required separate estimates for each bed at each sampling interval of (1) mussel mortality and (2) the abundance of sea stars, as well as an estimate of (3) consumption rate for sea stars upon mussels. On each sampling date, the total number of mussels was estimated from measures of bed area and density. Bed area was determined by first running a transect line across the longest axis of the mussel bed to measure the bed length and measuring the corresponding perpendicular width of the bed at 1 m intervals along this transect. The measured margins of the bed were later mapped and the resulting areas summed in order to estimate bed area. All measurements were recorded to the nearest dm (i.e. ±0.1 m). Mussel density was derived from quadrat samples of the restored mussel beds, conducted on each of the sampling dates (see . For each bed, divers spread four square quadrats (0.0625 m 2 ) across the length of the bed (>1 m from adjacent quadrats) by haphazardly dropping them from a height greater than 1 m above the mussel bed and maintaining a minimum of 0.5 m from the bed margin. This sampling protocol ensured that processing of quadrats did not unduly reduce the visibility of adjacent divers while reducing potential sampling biases and providing a more accurate representation of mussels across the entire bed. Density of mussels within each quadrat was measured and population size then calculated as the product of bed Figure 1 . Maps depicting the placement of the main study site within the Hauraki Gulf (bottom right), the study site within Cable Bay (top right), and the placement of both the experimental and additional mussel beds within the study site (left).
area and mussel density for each bed on each sampling date. Mortality of mussels during intervals between sampling dates (sampling intervals) were calculated as the difference between initial and final estimates of mussel abundance for each bed.
Sea star abundance was determined by counting all sea stars across each experimental mussel bed at the main study site on each sampling date. The transect line laid for measurements of bed area provided a point of reference to ensure sea stars were not duplicated during counting, given that it was not possible to see the entire bed at one time. In October 2015, all sea stars present within the experimental mussel beds were measured as the length from the tip of the longest arm to the opposite side of the oral disc (±0.5 cm).
Consumption Rate Experiment. Consumption rate of adult mussels by sea stars was measured using a field-based feeding experiment deployed at the second study site in Leigh Harbour, in April 2015. A total of 18 cages of 0.15 × 0.5 × 0.5-m were constructed of coarse plastic mesh (14 × 14-mm openings). The plastic cages were held in place by a frame made from lightweight stainless steel (5 mm diameter) which extended into the seabed. Cages were arranged so that they were no greater than 1 m apart. The cages were designed to prevent large mobile predators, such as fish and lobster, from removing the mussels placed inside the cage, while not unduly restricting water flow to the mussels and sea stars within. Each cage was stocked with 25 adult mussels (80-100 mm SL). In 12 randomly selected cages one adult sea star ranging in size from 14.5 to 20.0 cm was added. These sea stars were collected at random from the main study site on the three mussel beds not being regularly sampled for changes in mussel abundance. Sea stars were transported back to the Leigh Marine Laboratory prior to deployment in the field. The six remaining cages were controls that were not subjected to sea star predation. The adult mussels were provided from a local aquaculture operation and several months prior to the experiment that had been transplanted to the seabed in a local embayment to later be moved into the experiment. On each of the three consecutive months, divers opened each cage, counted the number of surviving mussels in both sea star and control cages, and restocked the number of mussels back to 25 individuals. Seawater temperature was measured every 15 minutes using a HOBO temperature data logger. Temperature data were compared to data gathered within the restoration site to ensure the decreasing seawater temperatures experienced in the present feeding study during the austral fall to winter season largely encompassed the range of temperatures experienced at the restoration site.
Prey Size Selection Experiment. A separate prey size selection experiment was also conducted to determine whether predation by large predatory sea stars could be responsible for the low recruitment of mussels observed at the restoration site. In October 2015, 12 sea stars (C. muricata) were collected haphazardly from the main study site from the three mussel beds that were not subject to regular sampling for changes in mussel abundance. Sea stars ranging in size from 10.5 to 23.5 cm were transported in seawater back to the Leigh Marine Laboratory where they were held in flow-through seawater tanks at ambient temperatures (14.1-22.7 ∘ C) and provided with adult green-lipped mussels as a source of food. Mussels collected from Pakiri Beach (S 36 ∘ 15 ′ 31 ′′ , E 174 ∘ 45 ′ 4 ′′ ) were classified into three size groups based on SL: small (8-20 mm), medium (30-50 mm), and large (60-80 mm). Mussels from this natural site provided a greater range of mussel sizes that were not available for mussels obtained from aquaculture. The experimental setup consisted of six 129 L black rectangular plastic tanks supplied with flow-through seawater at ambient temperatures. Sets of six mussels of each size class were placed into each of the experimental tanks with care taken to ensure that mussels within each size group within a tank covered the full range of that size group. A single adult sea star was placed in five of the six tanks while the sixth tank was used as a control treatment. After 1 week, surviving mussels in each tank were measured and the number of consumed mussels of each size class was counted. Due to the high variability in consumption rates of sea stars over a 1-week period, ranging from no mussels to all the mussels provided, only sea stars that had consumed between 3 and 15 of the mussels were included in subsequent analyses. These replicates were then replaced with fresh individuals. In the event that a sea star had not consumed 3-15 mussels during the 1-week period, they were retained to be re-run in the following week. All tanks were supplied with fresh mussels, including the control tank, and the experiment was run again. This continued until all sea stars had consumed between 3 and 15 mussels in a 1-week period and could be used in the analysis. Seven experimental trials were conducted over a 2-month period starting in October 2015. Only one sea star did not eat over this time interval.
Statistical Analyses
The consumption rate of mussels by sea stars over each sampling interval was standardized to a daily rate and further adjusted to account for natural mortality by subtracting the mean mortality rate of control cages from the consumption rate. Both consumption rate and sea star density data were inspected for deviations from normality and heterogeneity of variance by visually inspecting quartile-quartile plots and residuals versus fitted values plots (respectively) of models prior to running analyses. Being approximately normal, the data for each factor were fitted to a linear-mixed effect (LME) model. Sea star density was fitted using sampling date as a fixed effect and mussel bed as the subject. Mussel consumption rate was fitted using sampling interval and sea star size as fixed effects and individual sea stars as a random effect within size. Each model was then tested for differences using repeated measures analysis of variances (ANOVAs). In the event of significance, pairwise comparisons using t tests ("predictmeans" function in R) were conducted using a false detection rate correction ("fdr" function in R). In addition, Pearson's product-moment correlations between sea star density and mussel density for each bed and each sampling date were investigated ("corr.test" function in R).
For the size selection experiment, differences in the frequency of consumption of mussels from each size class was analyzed first using a heterogeneity chi-square test to determine if there were differences between sea stars before performing a chi-square test using the pooled data. In the event of significance, the contribution of mussel size groups to that difference were determined using standardized residual analysis.
All statistical tests were computed in R version 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria) using R packages "ggplot2," "car," "lme4," and "predictmeans" at an alpha level of 0.05.
Estimated predatory impact was calculated using the modified equation from Dempster (1960) and is as follows:
where N is the total number of mussels consumed summed over all sampling intervals, C is the consumption rate of mussels per sea star derived from the consumption rate experiment, P i is the initial number of sea stars within the mussel bed for the sampling date, P i + 1 is the number of sea stars within the mussel bed for the following sampling date, and t i,i + 1 is the amount of time between sampling dates or the sampling interval. Estimated predatory impact was calculated for each bed at each sampling interval and compared to estimated mortality of mussels within the experimental mussel beds . The model makes several assumptions, the first of which is that consumption rate does not vary with body size. Although relationships between body size and consumption rate have been observed for sea stars (Gooding & Harley 2015; St-Pierre & Gagnon 2015) , previous studies with C. muricata have shown no significant differences in the consumption rate of the pipi, Paphies australis, regardless of the size of sea star or pipi offered (Cook 1989) . Size was included in the aforementioned model and analysis in order to confirm a lack of relationship between body size and consumption rate in C. muricata.
The second assumption was that consumption rates were relatively constant. Sea stars are known to exhibit high and low periods of food consumption associated with factors such as temperature, level of satiation, and reproductive cycle (Menge 1972) . The effects of varying temperature on consumption rate are accounted for in the similar ranges of temperatures experienced both at the experimental site and at the restoration site. Satiation is accounted for in the length of sampling intervals (i.e. months) in which sea stars are likely to experience both hunger and satiation. There was insufficient information to model sea star consumption rate related to their reproductive cycle.
The final assumption is that sea stars consume primarily mussels within the mussel beds and thus the actual consumption rate will reflect rates determined in the consumption rate experiment. Although the exact composition and densities may not be the same, epibionts (algae, sponges, bryozoans, barnacles, tunicates) were present on the mussels and numerous other organisms (hermit crabs, triplefin fish, gastropods) were seen utilizing the structure created by the mussels within the experimental cages in the feeding experiment. Therefore, it is likely that sea stars had similar access to alternative prey as was available on the experimental mussel beds.
Results
Sea Star Abundance and Size Within Experimental Mussel Beds
Initial mean sea star abundance (±SE) across beds in February 2014, approximately 2 months after the deployment of the mussel beds, was 8.25 ± 0.95 sea stars per bed and quickly grew to 17.50 ± 3.10 sea stars per bed by September 2014 (Fig. 2) . Mean abundance of sea stars remained relatively high until the end of the study in March 2016. Density of sea stars within the mussel beds over the 25-month study period ranged from 0.21 to 1.25 sea stars/m 2 of mussel bed. Sea star density showed a significant difference among sampling dates (F [4, 12] = 3.62, p = 0.04), which was due to a significantly lower density of sea stars on the first sampling date (Table S1 ). There were no significant differences among any of the other sampling dates. This initial difference is likely to represent an early period of sea star immigration from the surrounding soft-sediment habitat and rocky foreshore. Abundances of sea stars on individual experimental mussel beds rarely decreased between sampling dates and it is likely that many of the sea stars remained within the boundary of the mussel beds throughout the study. No sea stars were ever observed on the soft sediment between mussel beds. There was also no significant correlation detected between densities of sea stars and density of mussels within each bed (correlation coefficient r = −0.254, t = −1.1, p = 0.28). The size of the sea stars measured in October 2015 ranged from 9.0 to 35.0 cm with a mean of 21.9 ± 0.4 cm, which was characteristic of the size of sea stars observed on the experimental mussel beds throughout the study (Fig. S1 , Supporting Information).
Consumption Rate of Adult Mussels
Due to the loss of several cages on the final sampling date, consumption rate was only available for seven sea star cages and mortality for only five control cages. There was a significant effect of sampling interval on the daily rate of consumption of mussels by the caged sea stars (F [2, 10] = 15.31, p < 0.001) and the non-significant interaction term indicates that these differences were consistent for all sea star sizes (F [2, 10] = 0.50, p = 0.62) (Table S2 ). Mean consumption rate was highest during the third sampling interval (predominantly austral fall to winter, 0.55 ± 0.05 mussels/day) which was significantly higher than both previous sampling intervals (Fig. 3, both p < 0.008) . However, the mean consumption rate was similar between the first (0.35 ± 0.04 mussels/day) and second (0.25 ± 0.04 mussels/day) sampling dates (p = 0.09). Sea star size had no effect on consumption rate (F [1, 5] Mean consumption rate (±SE) of caged adult mussels in the field by individual sea stars. Significant differences between sampling intervals are indicated by different letters above the bars (p < 0.05).
Estimating Predation in Experimental Mussel Beds
High mortality of adult mussels occurred in all four experimental mussel beds over the 25 months of observation. At the end of the study the mean survival across all experimental beds was 5,307 ± 1,102 mussels representing 26.2 ± 4.6% of the initially estimated abundance in the four mussel beds in February 2014 (Fig. 4) . However, the size of each bed remained relatively constant over the entire study. The mean loss of mussels from individual beds for individual sampling intervals ranged from 217 ± 115 to 1,819 ± 538 mussels/month.
Estimates of sea star predation upon adult mussels within the experimental mussel beds used a consistent consumption rate across all sampling intervals (0.41 ± 0.03 mussels/day) which was derived from the consumption rate experiment. This consisted of the total consumption of mussels over the entire experiment. In so doing, any differences in consumption rate of Figure 4 . Estimated mean numbers of adult mussels within each of the four experimental mussel beds that survived, died of undetermined sources, and were consumed by sea stars over a 25-month period.
sea stars that could be due to seawater temperature or satiation were included in the overall estimate of consumption rate. Sea star data was also pooled to derive the consumption rate given the lack of difference associated with sea star size.
Estimations of predation indicated that the mean overall number of mussels consumed by sea stars over the 25-month study was 5,863 ± 853 mussels/bed (Fig. 4) . This represents 30.1 ± 5.5% of the initially estimated abundance of mussels in February 2014. The relative contribution of this estimated predation to the overall mortality of mussels in the experimental beds over the 25-month period was 40.4 ± 6.3%. The causes for the remaining 59.6% of the mortality of mussels over this period were not identified.
Prey Size Selection
The frequency of mussels from each of the three size groups that was consumed by sea stars was statistically similar among all of the sea stars tested and thus there were no differences associated with the experimental range in the size of sea stars. The pooled data revealed a statistically significant difference in the frequency of mussels consumed among the three size categories of mussels. The frequency of mussels consumed by all 11 sea stars was 9, 37, and 38 mussels for the small-, medium-, and large-size classes of mussels, respectively (Fig. 5) . Analysis of the standardized residuals found the lower consumption of mussels in the small-size class to be the only statistically significant contributor (z = 3.59, p < 0.001) to the observed differences in consumption among mussel size classes (Table S3) . Throughout each weekly trial, mussels remained largely clumped in one or several small groups, with less than two solitary mussels per tank at the completion of each trial. Mussels in the small-size class were predominantly seen attached to the larger conspecifics even as the larger mussels were being consumed. Both live and dead mussels of the small-size class were observed attached to discarded mussel shells. Control tanks showed very little mortality with the pooled frequency of dead mussels across Figure 5 . Frequency of mussels consumed by 11 individual sea stars and mortality of mussels within seven control tanks over 7 days for three size classes of mussels, small (8-20 mm SL), medium (30-50 mm), and large (60-80 mm).
all seven control tanks being two mussels for each of the small-, medium-, and large-size classes. This mortality equates to a mean natural mortality of 0.86 ± 0.26 mussels/week overall or 0.29 ± 0.08 mussels/week within each category. No adjustments for natural mortality were made to the frequency of mussels consumed by sea stars given the small and even mortality across all size classes of mussels in the control tanks.
Discussion
The mean percent mortality of green-lipped mussels, Perna canaliculus, within restored mussel beds over the 25 months was 73.8% and predation by the sea star, Coscinasterias muricata, appears to be a major contributor to that mortality. The mean estimated predation was 30.1% of the original population, accounting for 40.4% of the total mortality. This represents a significant source of mortality for the experimental beds and a potential limitation to future restoration initiatives. Even in natural populations of green-lipped mussels such as that inŌhiwa Harbour, in northeastern New Zealand, sea stars can gather in high densities resulting in significant amounts of predation for the mussels (Paul-Burke 2015). The abundance of sea stars was found to be 1.2 million on extensive natural mussel beds in Ohiwa Harbour in 2009 and subsequent sampling of mussel populations showed that the number of mussels had decreased by 88% (approximately 14 million mussels) between 2009 and 2013. Although the loss of mussels was not directly attributed to sea star predation it is highly likely that they were a major contributor as they were observed actively feeding on mussels in the bed, despite a nearby abundance of alternative prey, being the bivalve, Paphies australis.
Within 2 months of deployment, the transplanted adult green-lipped mussels had attracted high abundances of the sea star C. muricata, likely from surrounding habitats, which continued to gradually increase for approximately 11 months.
Although long-term tagging of the sea stars was not feasible due to the sea stars removing any form of tag provided within days (M. Wilcox 2014, Leigh Marine Laboratory, personal observation) , the lack of decreasing density of sea stars within individual mussel beds within most sampling dates suggests that the immigrating sea stars remained within those beds. Sea stars are known to locate prey through odor plumes (Rochette et al. 1994; Drolet & Himmelman 2004) , and the lack of appreciable immigration beyond September 2014 may suggest that the beds had attracted most of the sea stars from the surrounding areas of soft-sediment habitat early in the study. The further deployment of 63 t of adult mussels in September 2014, about 100-500 m away, considerably increased the availability of mussels within the area, which may also have resulted in decreased localized immigration of sea stars to the four experimental beds that were the focus of this study.
The distribution of sea stars among the experimental mussel beds appears to be unrelated to the density of mussels. This is in contrast to observations on natural beds of this mussel species inŌhiwa Harbour where sea star abundance was found to decline as the abundance of mussels in beds declined (Paul-Burke 2015) . Sea star density at this site was positively correlated with mussel coverage of the substrate suggesting a possible relationship between predator and prey abundance. The densities of sea stars on the experimental mussel beds in the present study were considerably lower than those observed for Ohiwa Harbour. Despite declining densities of mussels within the restored mussel beds, the abundance of mussels may still have provided sufficient food sources throughout the study to support sea stars at their observed abundances.
The presence of sea stars within natural green-lipped mussel beds varies spatially, with high densities of sea stars in some mussel beds while others exhibited negligible amounts of sea stars (McLeod 2009 ). Even when relaying mussels for bottom culture, similar to the methods used to restore beds in the current study, sea star predation is not consistent across those mussel beds (Kristensen & Lassen 1997) . The deployment of four Mytilus edulis mussel beds, each of approximately 100 t, in a Danish fjord resulted in only one of the mussel beds being completely consumed by high abundances of the sea star Asterias rubens within 3 months of relaying while the other three mussel beds persisted throughout the 25-month study. Overcoming limitations of sea star predation to the persistence of relayed mussel beds may therefore be possible by selecting restoration sites that contain relatively low abundances of sea stars.
Predation by sea stars, however, varies not only spatially but also temporally, which may also be associated with swarming behavior which has the potential to result in particularly high levels of mortality among prey populations. Sea stars, such as A. rubens, are known to form high-density aggregations that are capable of causing mass mortality among populations of bivalve prey (Sloan & Aldridge 1981; Dare 1982) . The high abundance of sea stars observed inŌhiwa Harbour in 2009 was localized to a particular area within the mussel bed where densities were an average of 34 sea stars/m 2 (Paul-Burke 2015). In 2013 sea star abundance dropped to 4.3 sea stars/m 2 and was dispersed throughout the mussel bed rather than concentrated in a particular area. This suggests that C. muricata may also exhibit this temporally variable swarming behavior, which could result in intermittent impacts on prey populations.
Sea stars of the size occupying the experimental mussel beds were also shown to prefer to consume adult mussels and not small juvenile or early post-settlement mussels (<20 mm SL). One potential explanation for this observation is that there is a size refuge for these smaller mussels. Large sea stars are known to select for larger mussels, which may not necessarily be of optimal size, but would provide higher nutritional returns (Tokeshi 1989; Hummel et al. 2011) . Sea stars are also more likely to encounter larger mussels due to their greater biomass. Another possible explanation is that the adult mussels provide a structural refuge for these smaller mussels. Even small C. muricata (3.5-5 cm) were found to consume fewer small mussels (1-5 mm SL) when provided adult mussels as attachment substrate when compared to either bare soft sediment or empty mussel shell . Further experimentation is necessary to determine the mechanism responsible for the increased survival of these small juvenile and early post-settlement mussels.
However, these sea stars are not completely discriminatory when selecting prey and despite larger sea stars typically selecting for larger mussels, smaller and less nutritionally rewarding mussels are also consumed. In the case of the sun sea star, Heliaster helianthus, which consumes entire clumps of mussels, the smaller mussels in the clump are likely to be consumed as a result of being attached to larger, more rewarding mussels (Tokeshi 1989) . Within the selection experiment in the current study, both living and dead mussels of the smaller size class were observed attached to the shells of mussels which had been consumed by the sea stars and discarded. This suggests that those small mussels that were consumed were unlikely to be directly selected as prey but rather were bycatch of consuming the attached adult, and that attached juvenile mussels are not necessarily consumed when adult mussels are selected. Although these sea stars are capable of consuming settling mussels, it is unlikely that predation by these sea stars contributes greatly to the mortality of recruiting juvenile mussels.
Predation by sea stars poses a serious limitation to bivalve restoration, as exemplified in this study, and warrants consideration when implementing any bivalve restoration initiatives. Regular assessments of sea star abundances and their potential contribution to predation, both prior to and after establishment of bivalve beds, should be incorporated into restoration plans. Sites should be selected to reduce the local abundance of sea stars when possible, which ideally would include limiting the potential attraction of sea stars from adjacent habitats. Sea stars can detect a number of olfactory cues (Castilla & Crisp 1970; Zafiriou 1972; Zafiriou et al. 1972 ), responding to their detection with positive rheotactic behavior (Sloan & Campbell 1982; Rochette et al. 1994; Drolet & Himmelman 2004) . Areas with predominant currents should be assessed for sea star abundances downstream of potential restoration sites while areas with high turbulence, such as wave-washed shores, are likely to disrupt odor plumes and reduce potential attraction of sea stars. In the event that suitable restoration sites that are free of sea stars cannot be located or episodic increases in sea star abundance are subsequently observed within mussel restoration sites, some form of remediation from sea star predation may be necessary. A number of different methods have been developed to remove sea stars from seabed cultured mussel beds (Barkhouse et al. 2007) which could be applied to alleviate the restored bivalves from sea star predation. In the case of the Hauraki Gulf, the removal of sea stars could be particularly effective given that sea star density did not vary considerably after a rapid initial colonization and the absence of any smaller recruiting sea stars on the beds. The impact of sea star predation may also be reduced by increasing the scale of restoration; however, this will produce greater odor plumes with which to attract sea stars in potentially greater abundances. Episodic surges in sea star abundance, such as swarming events, are likely to cause greater bivalve mortality and prevention would be reliant on continual assessments of restored beds followed by implementation of sea star remediation techniques when an outbreak is detected. Sea star predation, however, is unlikely to be the only source of mortality in restored bivalve populations as was the case in this study. Identifying and determining the contribution of these other sources is also critical if initiatives are to be successful in establishing persistent bivalve populations.
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